Antibodies against a large and a small DNA polymerase isolated from chicken embryos and against avian myeloblastosis virus DNA polymerase were used to study the serological relationships of the DNA polymerase activities of three avian systems with RNA and a DNA polymerase-avian leukosis-sarcoma viruses, reticuloendotheliosis viruses, and a fraction from uninfected chicken cells. The DNA polymerase activity of disrupted virions of all avian leukosis-sarcoma viruses tested was neutralized to the same extent by antibody against avian myeloblastosis virus DNA polymerase and was not neutralized by the antibodies against chicken cellular DNA polymerases. The viruses tested included induced leukosis viruses and Rous-associated virus-O. The DNA polymerase activity of disrupted virions of all of the reticuloendotheliosis viruses was not neutralized by any of the antibodies. The chicken endogenous RNA-directed DNA polymerase activity was neutralized partially or completely, in different experiments, by antibody against the small DNA polymerase isolated from chicken embryos, but was not neutralized by the other two antibodies.
Virions of RNA tumor viruses contain endogenous RNA-directed DNA polymerase activity (27) . This DNA polymerase activity appears to be required for DNA provirus formation: it is present in cores of the virions of infectious RNA tumor viruses (6) , and it is absent from the virions of some noninfectious RNA tumor viruses (3, 9, 17, 21) .
Avian leukosis-sarcoma viruses include strongly transforming viruses, such as Rous sarcoma virus (RSV), weakly transforming viruses, such as Rous-associated virus-1, nontransforming viruses, such as Rous-associated virus-O (RAV-O) and induced leukosis viruses (ILV). Although these viruses have different origins and passage histories, they all have endogenous RNA-directed DNA polymerase activity.
Another group of avian RNA viruses, the reticuloendotheliosis viruses (H. G. Purchase, C. Ludford, K. Nazarian, and H. W. Cox, J.
Nat. Cancer Inst., in press), produce visceral reticuloendotheliosis and infiltrative lymphoid nerve lesions, as well as acute disease, in chickens. Their virions are C-type (32) and have physical properties similar to those of avian leukosis-sarcoma viruses (4, 16, 19) . Virions of reticuloendotheliosis virus have also been reported to have endogenous RNA-directed DNA polymerase activity (22) .
A fraction with endogeneous RNA-directed DNA polymerase activity has been isolated from uninfected chicken embryos (12, 13) . The template RNA of this endogenous activity was not related to RNA of RSV or of reticuloendotheliosis virus.
Previously, serological analysis of DNA polymerases of several transforming avian leukosis-sarcoma viruses has shown that they are closely related to each other (18, 20) . Chang and Bollum (5) reported that antibody prepared against a high-molecular-weight DNA polymerase, purified from the soluble fraction of calf thymus extracts, inhibited activity of other DNA polymerases purified from calf thymus and also DNA polymerases purified from tissues of other species (rat, mouse, rabbit, and human).
The experiments reported in this paper were performed to determine whether the DNA polymerases in these avian RNA viruses are serologically related to each other or to chicken cellular DNA polymerases, or both, and whether the DNA polymerase of the chicken cellular endogenous RNA-directed DNA polymerase activity is related to viral DNA polymer-ases or to other chicken cellular DNA polymerases, or both. The relationship between chicken cellular DNA polymerases and the DNA polymerases of spontaneously produced RAV-O (RAV-OL?) and of physically or chemically ILV is particularly interesting because the genes for components of these viruses have apparently been vertically transmitted without production of infectious virions.
Further study of the purified cellular and viral DNA polymerases will be published later. The relatedness of the RNA of the viruses and of the chicken fraction used in the present study was also examined by nucleic acid hybridization and will be published separately (C. Y. Kang (11) . RAV-O was spontaneously produced by cells of line 7 chickens and then passaged on pheasant cells (30) . RAV-61 was recovered from pheasant cells after infection with the Bryan strain of RSV (10) . ILV were derived from uninfected chicken embryo cells (31) . I-ILV was activated from cells from a Reaseheath I-line chicken embryo after treatment with 20-methylcholanthrene; ILV-UV was activated from cells from a line 7 chicken embryo after irradiation with UV light; and ILV-MIT was activated from cells from a line 7 chicken embryo after treatment with mitomycin C. RAV-O line 7 (RAV-OL?) was spontaneously produced by avian leukosis-sarcoma virus group-specific antigen positive cells of a line 7 chicken embryo (30) .
Reticuloendotheliosis virus (strain T) (REV) was isolated from turkeys (28) . The virus produces characteristic proliferative lesions in chickens, quail, ducklings, goslings, turkeys, pheasants, and guinea keets. The virus is antigenically and morphologically different from the avian leukosis-sarcoma viruses and does not have their group-specific antigen. REV has been reported to have 60 to 70S RNA and endogenous DNA polymerase activity and not to interact with avian leukosis-sarcoma viruses (4, 8a, 16, 19, 22) . Chicken syncytial virus (CSV) was isolated from a Marek's disease tumor. It lacks the group-specific antigen of the avian leukosis-sarcoma viruses and is nonpathogenic for chickens (8) . Duck infectious anemia virus (DIAV) was isolated from ducks and produces anemia in ducks (15) . Trager duck spleen necrosis virus (TDSNV) was also isolated from ducks (29) . It produces a rapid and lethal infection with anemia in ducks. These four avian viruses are similar in appearance and are serologically related (H. G. Purchase et al., J. Nat. Cancer Inst., in press).
MATERIALS AND METHODS Cells and virus. Cell cultures were made by standard techniques from embryos of chickens, Japanese quail, ring-necked pheasants, and rats and were grown in modified Eagle minimal essential medium with 10% tryptose phosphate broth, containing, respectively, 5% calf serum and 3% fetal bovine serum; 6% calf serum and 3% fetal bovine serum; 3% fetal bovine serum; and 3% calf serum and 2% fetal bovine serum. Fertile chicken eggs were obtained from a local supplier and were C/E, avian leukosis virus negative, chf-negative, and avian leukosis virus groupspecific antigen negative. (Sometimes low levels of avian leukosis virus group-specific antigen have been found in these embryos and in the cells after culture.) The quail eggs were obtained from the University of Wisconsin, Department of Poultry Science. The ringnecked pheasant eggs were obtained from wild pheasants through the assistance of the Poynette Game Farm of the State of Wisconsin, Department of Natural Resources. Pregnant Sprague-Dawley rats were obtained from a local supplier.
Two strains of avian sarcoma virus were used; B77 virus and Schmidt-Ruppin RSV-D. They were grown on chicken cells. RSV-RAV-60 was a gift of H. Hanafusa and was grown on quail cells. RAV-61 was a gift of T. Hanafusa and was grown on chicken cells. RSV-RAV-0 was a gift of P. K. Vogt and was grown on pheasant cells. Three induced leukosis viruses, I-ILV, ILV-UV, ILV-MIT, were gifts of P. K. Vogt and were grown on pheasant cells. REV strain T was a gift of A. Levine and was grown on chicken cells (12 
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Temin, submitted for publication). R-35 virus, a rat C-type virus, was grown on rat cells (7) .
Chicken, quail, pheasant, or rat cells, as indicated, were infected with virus using techniques previously described for infection of chicken cells by RSV (1). Growth of transforming viruses was monitored by morphological transformation of the infected cells. Growth of the other viruses was monitored by the appearance of cytopathic effect or by measurement of a sedimentable DNA polymerase activity in the supernatant medium (Temin, in preparation) . Supernatant medium was harvested every day from cells producing virus and was stored at -10 C. Virus was concentrated and purified by centrifugation (1).
RAV-O,7 was prepared from the supernatant medium of cells from a line 7 embryo supplied by P. K. Vogt.
Isotopes and other chemicals. 3H-dTTP (18 Ci/ mmol) was purchased from Schwarz/Mann (Orangeburg, N.Y.). Calf thymus DNA, ribonuclease A (EC 2.7.7.16), and bovine serum albumin were purchased from Worthington (Freehold, N.J.). Human gammaglobulin was purchased from Nutritional Biochemicals, Inc. (Cleveland, Ohio).
Partial purification of DNA polymerases: homogenization of chicken embryos. Seven-dayold chicken embryos were washed with phosphatebuffered saline, pH 7.0, and were homogenized with a motor-driven Teflon Potter-Elvejhem homogenizer in 0.02 M Tris-hydrochloride, pH 7.5, containing 0.25 M sucrose, 0.01 M KCl, 0.005 M MgCl2, and 0.005 M 2-mercaptoethanol. The homogenate was then fractionated by the method of Baril et al. (2) . After removal of the nuclear and mitochondrial fractions by differential centrifugation, the supernatant fluid was further centrifuged at 105,000 x g for one hour, giving a supernatant fraction (S3) and a sedimented microsome fraction (P3).
Isolation of DNA polymerases from the S3 fracdon. The S3 fraction (750 ml) was adsorbed to a phosphocellulose column (3 by 20 2 vol of buffer C and was adsorbed to a small phosphocellulose column (P-il). The DNA polymerase activity was eluted with 0.5 M NaCl in buffer C and was further purified by glycerol gradient centrifugation. It had, in the presence of 0.5 M NaCl, a sedimentation value of 8 relative to the same three markers described in the legend to Fig. 1 .
Preparation of chicken fraction. The chicken fraction with endogenous RNA-directed DNA polymerase activity was prepared as previously described (12) . DNA polymerase assay. The standard DNA polymerase assay was described previously (25) . Two hundred micrograms of native calf thymus DNA per milliliter and 100 gg of activated calf thymus DNA per ml (24) were used as template-primers. The 3H-dTTP used was 5,000 counts per min per pmol.
Antibodies. Antibody against avian myeloblastosis virus DNA polymerase was a gift of R. Nowinski, University of Wisconsin (18) . Antibody against S3-L was made in a (W/Fu x BN) F1 hybrid rat by the method described by Nowinski et Fig. 2A) , IgG-L (Fig. 2B) or IgG-S (Fig. 2C) DNA polymerase activity of Nonidet P-40-disrupted virions was carried out with an exogenous template-primer, activated calf thymus DNA. Nonidet P-40-disrupted virions of ILV-UV were incubated separately with the three different antibodies. The DNA polymerase activity remaining was assayed with activated calf thymus DNA as a template-primer. The kinetics of 3H-dTMP incorporation (Fig. 3) RSV or S3-L DNA polymerase activities. Therefore, each antibody neutralized only the homologous DNA polymerase activity.
Neutralization of exogenous DNA polymerase activity of disrupted virions. The three antibodies described above were used to exam- Fig. 7 and 8 ). This result indicates that the TDSNV DNA polymerase is distinct from the avian leukosis virus DNA polymerase and the two chicken cell DNA polymerases studied.
Other avian RNA virus DNA polymerases were examined in the same manner for their response to these antibodies. R35 virus was used as a negative control. The results are summarized in Table 1 . No avian RNA virus DNA polymerase was neutralized by the antibodies to the two DNA polymerases from chicken cells. The DNA polymerases of ILV and RAV-OL7 were serologically identical to the DNA polymerases of other avian leukosis viruses. The DNA polymerases of reticuloendotheliosis viruses were not neutralized by the antibody to the DNA polymerase of avian leukosis viruses.
Neutralization of chicken endogenous RNA-directed DNA polymerase activity. Kang and Temin (12, 13) demonstrated that a fraction isolated from chicken embryos con- tion of DNA polymerase activity of chicken DNA polymerases, of Nonidet P-40-disrupted virions, and of the chicken fraction are described in the legends to Fig. 2, Fig. 3, and Fig. 9 , respectively. Calf thymus DNA-directed activity was measured for all but the chicken fraction. tained endogenous RNA-ditected DNA polymerase activity. This chicken endogenous RNAdirected DNA polymerase activity was not neutralized by IgG-AMV (12) . To determine whether this chicken endogenous DNA polymerase activity from uninfected cells is related to other chicken DNA polymerases, the experiments of Fig. 9 and 10 were performed. Figure 9 shows the kinetics of endogenous DNA synthesis by the chicken fraction in the presence of 80 ,ug of actinomycin D per ml after incubation with IgG-L or IgG-S. IgG-S clearly inhibited part of the chicken fraction endogenous RNAdirected DNA polymerase activity.
Neutralization of the chicken endogenous RNA-directed DNA polymerase activity was examined further using larger amounts of IgG-S. Preimmune IgG was used in parallel incubations. The experiments in Fig. 10A (20) .
(ii) The DNA polymerases of the avian leukosis-sarcoma and reticuloendotheliosis viruses are not serologically related to the large or to the small chicken cellular DNA polymerase. Ross et al. (23) previously concluded that mouse leukemia virus DNA polymerase was not serologically related to two mouse cell DNA polymerases. This result does not mean that the viral DNA polymerases are not related to other cellular DNA polymerases. There are also chicken cellular DNA polymerases not neutralized by IgG-L or IgG-S (unpublished data).
(iii) The DNA polymerases of avian leukosissarcoma viruses and reticuloendotheliosis viruses are not serologically related to the DNA polymerase of the chicken endogenous RNAdirected DNA polymerase activity. This result is especially striking for the ILVs and RAV-0L7 where the information for the virus DNA polymerase was presumably carried in the cellular genome as a defective or complete provirus.
(iv) The DNA polymerase of the chicken endogenous RNA-directed DNA polymerase activity is partially or completely neutralized by IgG-S. However, the amount of antibody required is much greater than that for partially purified S3-S DNA polymerase (compare Fig.  2C and 10) . These results indicate either (a) that the S3-S DNA polymerase is responsible for the chicken endogenous DNA polymerase activity and there is some steric hindrance to the antibody in the chicken fraction, or (b) that there is more than one DNA polymerase in the S3-S fraction and a minor one is responsible for the chicken endogenous DNA polymerase activity.
It must be kept in mind that these results were obtained with disrupted virions and chicken endogenous DNA polymerase activity, that is, with unpurified DNA polymerases. It is possible that, when the DNA polymerases are purified, hidden relationships will become apparent. In another paper, we shall describe the sizes and template-primer preferences of the purified DNA polymerases.
